Sugarcane is a major commercial crop grown in India and across the world. Hence, several elite varieties have been developed now-a-days to overcome many obstacles including abiotic stresses and diseases. The present study was undertaken to screen genetic variation among twenty four sugarcane varieties that are commonly cultivated across Northern Karnataka, India with reference to physicochemical characters. Experiment was conducted in triplicate following randomized complete HIGHLIGHTS  Genetic variation among 24 sugarcane varieties cultivated across Northern Karnataka in India.
INTRODUCTION
Sugarcane (Saccharum) is a genus characterized by high ploidy levels and composed of six species such as S. officinarum, S. barberi, S. sinensi, S. spontaneum, S. robustum and S. edule [1] . Assessment of genetic diversity of any food crop is considered to be most essential in breeding programs as it assists in selection and identification of desirable genotypes and diverse parental combination and for further improvement through selection in the segregating populations [2] . Sugarcane is widely cultivated across globe for various purposes, the foremost motive being sugar production in most of the under developed nations and as fuel with respect to production of ethanol and electricity in most of the developed nations [3] . Further S. spontaneum has significantly contributed in agronomically important traits such as increased biomass for cogeneration. It is apparent from previous reports that assessment of genetic diversity is essential in breeding programs for enhanced productivity. ICAR-Sugarcane Breeding Institute (ICAR-SBI), Coimbatore, India, is the pioneer in core collection and is the center that comprises all the germplasm and is actively involved in developing improved varieties for resistance against several abiotic and biotic stresses [4] . As many as 1410 clones have been produced in this context. The first interspecific hybrid Co 205 [between S. officinarum (Vellai; 2n=80) and S. spontaneum (Coimbatore local; 2n=64)] with wide adaptability was made and released for cultivation in subtropical India. S. Nijalingappa Sugar Institute based at Belagavi in Northern Karnataka, India, a subsidiary of ICAR-SBI is actively involved in developing several improved local varieties for farmers across this region. It has core collection of sugarcane and has witnessed some novel varieties for maximum yield and productivity.
Chemometric tools are often employed to understand and represent the complex data in to simple. Principal Component Analysis (PCA) and Agglomerative Hierarchical Cluster Analysis (AHC) are widely used tools in many experimental procedures for better understanding of data as PCA aids to minimize the variables and demonstrates the relationship among them [5] . Further, several studies indicate that multivariate statistical analysis, viz. PCA and AHC are more effective in evaluating genetic diversity among sugarcane varieties [6, 7] . These techniques have been employed in assessment of genetic diversity among several other crops such as wheat, maize and chilli [8] [9] [10] . Generally, AHC is based on Euclidean distance method coupled with Ward's method [11] . In recent past, several studies have been reported on the sugarcane genetic diversity assessment using the AHC and PCA analyses [12] [13] [14] [15] [16] [17] .
A recent study by Govindaraj et al. [18] reported the genetic diversity analysis of sugarcane across Maharashtra, India wherein they assessed 41 germplasm collected from 29 districts of Maharashtra belonging to S. spontaneum and they noticed morphological and agronomical variability among the collected accessions. Several studies have also used advanced molecular markers in assessment of genetic diversity among the sugarcane cultivars [19] . The current study, however, the exploration and collection of local sugarcane cultivars cultivated across Northern Karnataka was undertaken to evaluate the genetic diversity based on morphological and biochemical characters. PCA and AHC were further used as statistical tools for efficient phenotypic characterization of sugarcane in identifying superior clones for maximized usage.
MATERIAL AND METHODS

Plant materials and field experiments
A total of twenty four sugarcane varieties maintained in sugarcane germplasm garden of S. Nijalingappa Sugar Institute (22°50' N; 108°14' E), Zadshapur, Belagavi, Karantaka, India have been taken for the present study during February 2016 -February, 2017. These twenty four sugarcane varieties were planted in a randomized block design with three replications and the varieties were planted in single rows of 2.5 m length, with 1.2 m row-spacing. Nine traits were investigated during the growing season (February, 2017) and observations were recorded on ten randomly selected plants of each variety for a range of physicochemical parameters, viz., internode length (cm), stalk height (cm), plant height (cm), cane girth (cm), number of internodes, single cane weight (kg), single cane volume of juice (l), cane yield (metric ton/hectare) and recovery (%) after sugarcane maturity, i.e., after twelve months (365 days) postgermination.
Statistical analysis
Ten plants per variety were selected and the mean values of the physicochemical measurements were used for statistical analysis. Collected data was subjected to variable transformation. The data matrix 24×9 was prepared and statistical analysis such as PCA and AHC were performed based on Pearson and Euclidean distance with wards method, respectively, using the statistical software (XLSTAT 2014.5.03, Addinsoft, USA).
RESULTS
Phenotypic characterization
Generally, sugarcane cultivation depends on the cane yield and sucrose content, and the cane yield was related to the traits of stalk height and stalk girth [20, 21] . Nine traits include internode length (cm), stalk height (cm), plant height (cm), cane girth (cm), number of internodes, single cane weight (kg) and single cane volume of juice (litre), cane yield (metric ton/Acre) and recovery (%) which are important in sugarcane breeding programs. In this present study, high variability was observed for all the quantitative traits studied for twenty four sugarcane varieties. Table 1 shows the information related to the measurement techniques made for nine quantitative traits ( Table 2) .
Principal component analysis
By principal component analysis, nine traits were simplified to four principal components based on nine quantitative traits with cumulative variance contribution of 76.72%. Further, PC1 and PC2 contributed 47.50% of variance among the variables. However, PC1 and PC3 also exhibited a variance of 41.72%. The Eigen value of the Figure  3 describes the information on scree plot for the twenty four sugarcane varieties on principal components of 1-9.
It could be noted from the PC1 and PC2 biplot axes that stalk height and stalk girth were found to be most effective variables contributing 28.64 and 17.98 % respectively for PC1, whereas, cane yield (37.69%), single cane weight (25.98%) and plant height (10.49%) were best explained by PC2. Similarly, internode length, number of internodes, single cane volume of juice and recovery were effective variables for PC3 with a contribution of 27.53, 23.39, 22.35 and 16.42% respectively. Further, stalk height and internode length were closely related variables in PC1 which could be observed in figure 1 . It is evident from the biplot axes PC1 and PC2 that the varieties such as Co SNK 07680, Co SNK 09227, Co SNK 09232, Co 2012-24, Co 2012-25, Co 2001-15 and Co SNK 081132 were found to be highest in stalk height and plant height as depicted in figure 2(b). Biplot axes PC1 and PC3 indicated that recovery and number of internodes are closely associated traits. Further, stalk height exhibited a negative correlation with single cane weight ( Table 3 and 4). Agglomerative Hierarchical Cluster Analysis Figure 5 represents the dendrogram for the twenty four sugarcane varities. AHC analysis grouped sugarcane varieties in to three clusters, i.e., I, II and III using the Ward's method. Cluster I and II were more close to each other on contrary to cluster III. 
DISCUSSION
The results observed in the present study were in accordance with the previous literature. A recent study carried out by Arrey and Mih [6] reported similar observations, wherein their study involved assessment of genetic diversity among five sugarcane landraces of Cameroon with the aid of ten morphological quantitative traits. Pearson's correlation coefficient among nine variables was studied. Figure 4 explains scatter plot for the positive correlations observed between single cane weight and cane yield with a significant positive correlation coefficient value of 0.774 (Figure 4a) .
Similarly, stalk height was found to be significantly correlated to internode length (0.602) followed by plant height that was in positive correlation with internode length with a value of 0.459 (Figure 4c) . A study by Govindaraj et al. [18] made a similar observation wherein their study indicated that plant height had significant positive correlation with internode length (0.459). However, a negative correlation was observed among the single cane volume of juice and stalk height (-0.427).
Zhou et al. [21] investigated principal component and cluster analysis for 111 accessions of Guitang sugarcane germplasm based on 9 quantitative traits, wherein they observed 74.42% of cumulative variance for first four principal components. Smiullah et al. [22] reported genetic diversity assessment for ten genotypes using PCA and their study indicated cumulative variance of 67.3% for first two components. Similarly, another study by Zhang et al. [23] reported cumulative variance of 82.47% for first three components while studying ninety four S. spontaneum genotypes for seven traits. A most recent study indicated similar observations wherein total cumulative variance for first three components was 54.10, 26.70 and 13.10, respectively. 
CONCLUSION
The sugarcane varieties which were studied and compared exhibited maximum variability, which could be utilized for further sugarcane crop improvement. Among the nine quantitative traits used in the present study, the PCA identified 4 principal components, contributing to 76.72% of variance. Thus, PCA reduces the number of variables in the data collection and provides useful information with multiple correlated variables further reducing screening cost which is beneficial in breeding and selection Brazilian Archives of Biology and Technology. Vol. . 62: e19180376, 2019 www.scielo.br/babt process. AHC analysis categorized twenty four sugarcane varieties in to three categories. Both the PCA and AHC analyses implicated similar results. Based on the results of principal component and cluster analysis, 24 sugarcane varieties that are commonly cultivated across Northern Karnataka were grouped in three major groups depending on nine quantitative traits. Results indicated eight elite varieties, viz., Co SNK 09232, Com 0265, Co SNK 09293, Co 86032, Co SNK 09293, Co SNK 07680, CoC 671, Co 13006 and Co 2001-15 which could serve as potential varieties in terms of quality and vigor.
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